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Abstract 
For designing pavement structures effectively and efficiently designers are moving from the old empirical design 
approach to the new Mechanistic Empirical (M-E) pavement design procedure. In M-E design, the pavement 
responses in terms of stresses and strains have greater influence on the performance prediction.  Many theoretical 
equations were developed by researchers in the past fifty years to predict pavement responses under different loading 
conditions. The overall accuracy of the models are in question while considering unbound base materials, behaviour 
of hot-mix asphalt and dynamic moving loads applied by traffic. Despite this, layered elastic model continue to be the 
state-of-the practice for most pavement design and analysis applications. To make sure that the accurate pavement 
response model is being used in the M-E design, this mechanistic load response model has to be validated with 
measured pavement responses under traffic or applied loads. In this regard, instrumented pavement testing facilities 
play an important role in validating the mechanistic load response models by measuring the pavement responses from 
the field through proper instrumentation and comparing them with theoretical responses.  In this paper, a detailed 
review and analysis on the major research works conducted in Europe and United States over the past fifty years on 
flexible pavements starting from the TRRL study in 1962 to the recent research at the NCAT Test Track to use the 
instrumented pavement test data to validate the load response model and their outcome is presented along with the 
efforts needed to increase the model accuracy.  
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1. Introduction 
As the Mechanistic Empirical (M-E) design approach for designing flexible pavements is in the 
process of evaluation by many state agencies and researchers, there is a need to assess the accuracy of the 
load-response model. Generally, M-E design combines the elements of mechanistic modeling and 
performance observations to determine the required pavement thickness for a set of design conditions 
(Timm et al., 1998). The material characterization of different pavement layers and traffic loading, are the 
primary inputs into the mechanistic model. The model predicts the mechanistic pavement responses in 
terms of stress and strain, which are then used to calculate the pavement damage (rutting and fatigue 
cracking) with the help of transfer functions or performance equations. If the pavement damage is not 
within the predetermined permissible limit, then the pavement thickness is increased and the process is 
repeated  
Traditionally analyses have been limited to static loads resting on layered elastic systems. These 
approaches are reasonably accurate for design purposes; however, there is a need to further validate the 
layered elastic models with the help of field-measured responses. Though there were some questions 
about the assumptions made in the layered elastic theory in pavement applications, such as uniform 
contact pressure, isotropic layers, interface conditions, loading pattern etc., the layered elastic theory 
predict pavement responses reasonably well (Chadbourn et al., 1997; Hildebrand, 2002; Epps et al., 2003; 
Barrett and Timm, 2005; Selvaraj and Timm, 2006; Selvaraj, 2007). Ullidtz (2002) compared various 
layer elastic model software results with the measured response and the comparison shows that the 
layered elastic packages predict the pavements responses reasonably well in most cases. The current 
mechanistic empirical pavement design guide (MEPDG) also uses a layered elastic analysis package, 
JULEA to compute the pavement responses. A questionnaire conducted to study the available accelerated 
pavement testing (APT) sites around the world show that elastic layer analysis is the most frequently used 
procedure to compute pavement responses (Hugo and Epps, 2004). Finite Element (FE) models are also 
very good for predicting pavement response and are capable of considering both dynamic wheel and 
environmental loading. But they are complicated to operate and time consuming. Therefore, they are not 
typically used in M-E design for flexible pavements. However at this time, the state of the art is to use the 
multilayer elastic theory which has been implemented in most of the available software packages. 
Considering the importance of this mechanistic load response model, a detailed review was done to 
validate the model with the help of pavement test data collected from instrumented pavements and the 
same is presented in this paper.  
1.1. Multilayer elastic theory 
When conducting a validation study by comparing theoretical vs. measured response, it is important to 
understand the limitations of both approaches. Theoretical models consist of simplifying assumptions and 
the accuracy is therefore a function of the assumptions. For example, layered elastic models, as depicted 
in Fig. 1, to predict flexible pavement responses typically include the following assumptions (Huang, 
2004): 
x Each layer is homogeneous, isotropic, and linearly elastic with an elastic modulus E and a Poisson 
ratio X . 
x The material is weightless and infinite in horizontal direction. 
x Each layer has a finite thickness h, but the lowest layer is infinite in thickness. 
x A uniform pressure q is applied on the surface over a circular area of radius a. 
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x Continuity conditions are satisfied at the layer interfaces, as indicated by the same vertical stress, 
shear stress, vertical displacement, and radial displacement. For frictionless interface, the continuity 
of shear stress and radial displacement is replaced by zero shear stress at each side of the interface. 
 
 
Fig. 1. A layer system subjected to a circular load (Huang, 2004) 
 
While these assumptions are generally accepted and used in practice, they can often be gross 
oversimplifications of the actual pavement. Similarly no one can claim with confidence that the field 
values from the embedded instruments are 100% accurate. Considering this it was important to 
understand the efforts done in the past to validate the multilayer elastic model with measured responses.  
Starting from early 1960’s, researchers started using different types of instruments to measure the 
pavement responses and compared the results with theoretical results for both flexible and rigid 
pavements. The following sections highlight important studies conducted in flexible pavements to 
compare theoretical pavement responses with measured pavement responses are presented.   
2. Review of earlier studies 
In order to have full confidence in the pavement responses from field instrumentation, these values 
have to be compared with theoretical model results. Several studies have been done to compare multi-
layer elastic theory results with field measured responses. The First International Conference on the 
Design of Asphalt Pavements held at the University of Michigan (Ann Arbor) in 1962 was the starting 
point for studies on mechanistic load response model validation efforts.    
2.1. Traffic and transportation research laboratory study  
In a study conducted at the Traffic and Transportation Research Laboratory (TRRL) in London, 3” 
diameter and 5/8” thick piezoelectric gauges were used to measure vertical stress on base and subgrade 
pavement layers (Whiffin and Lister, 1962). The tested pavement structures had an hot mix asphalt (HMA) 
thickness of 4” and the base thickness varied from 6 to 8”. The base layer was composed of different 
materials such as lean concrete, soil-cement, crushed stone and asphalt treated base. A wheel load of 
2,300 lb moving at a speed of 9.3 mph was applied and the vertical stress on top of pavement layers was 
measured by the embedded piezoelectric gauges. The wave propagation technique developed by Shell 
researchers and dynamic modulus testing were done to compute the elastic moduli of component 
pavement layers.   
822   Suresh Immanuel Selvaraj /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  819 – 831 
The layered elastic model was used to calculate vertical stresses and they were compared with 
measured vertical stresses. Good agreement between measured and calculated responses was obtained in 
this study. Being the first study of its kind, the researchers were not able to provide any reasons for the 
small differences seen between experimental and theoretical values. However this study proved to be a 
starting point for similar studies. The measured stresses were found to be proportional to wheel load. The 
measured and calculated vertical subgrade stress values for different base types are given in Figure 2.  
 
 
Fig. 2. Comparison of experimental and theoretical values of subgrade stress (Redrawn after Whiffin and Lister, 1962) 
2.2. San Diego test road study  
One of the main objectives of the San Diego Test Road was to compare measured responses against 
theoretical results (Hicks and Finn, 1970). This project was considered to be the first instrumented 
pavement test track project in the United States. Pressure cells, strain gauges, thermocouples, and 
moisture gauges were installed at different locations in the pavement layers. The strain gauges were made 
with polyester heat resistant backing (Shinkoh No P20) and were 7/8” long.  They were placed on the top 
of surface, top of base and in the first lift of base.  The subsurface strain gauges were installed in pairs in 
all asphalt treated base sections and about 50% of those were damaged during construction. 61% of the 
subsurface strain gauges were not operational during the course of this experiment. Excessive strain and 
weak solder connection between gauge and the lead wire were attributed as a cause for gauge failure. Of 
the eight pressure cells installed in the top of subgrade, only three were operational after construction.  
Measurements of stresses, strains and deflections were made at three different times, in August 1966, 
immediately after construction in February 1967, and in April 1968. An 18 kip test vehicle (2 axle dump 
truck) was used to apply loading with a tire pressure of 70 psi. For material properties, repeated load lab 
tests were conducted in the University of California, Berkeley and the Asphalt Institute Lab. After 
considering the variability in the stiffness values measured from lab tests, a subgrade modulus value of 75 
ksi was considered for theoretical computation of pavement responses. The base modulus value was 
varied from 8.4 to10.3 ksi during wet conditions and 16 to 21.2 ksi during dry conditions. The HMA 
dynamic elastic modulus was ranged from 272 ksi at 63oF to 93 ksi at 90oF.   
Computations of stress, strain and deflection were made by use of the N-layer program developed at 
the Chevron Research Institute. Relatively good correlation was found between measured and theoretical 
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responses. This project vouched for accurate field-measured material properties to be used in theoretical 
response calculation for future work. Though the collected vertical pressure data were few as a result of 
low survivability of pressure cells, the percent deviation of pressure value between measured and theory 
was only 4%. The large number of instrument failures during this study emphasizes the need for proper 
selection of instruments to measure responses, and proper installation practices.  
2.3. Shell research study  
Field measured strain values were compared against theoretically computed strain values in a study 
conducted by Shell researchers (Klomp and Niesman, 1967). The strains were measured at different 
depths of pavement (0, 3, 8 and 14 cm from top of pavement surface) for a wheel load of 1650 kg and at a 
velocity of about 30 km/h. The moduli of the asphalt materials were determined at various temperatures 
and frequencies to obtain an elastic moduli curve covering a wide range of stiffness values. The wave 
propagation method was used to obtain dynamic modulus of subgrade under actual moisture content and 
compaction. For theoretical strain calculation, a layered elastic computer program developed by 
researchers at the Shell Thornton Research Center was used. Two different Poisson ratios (0.35 and 0.50) 
were assumed for the asphalt layer during computation. Except strain measurements at the very top of the 
structure, reasonable agreement was observed between measured and theoretical values, though the 
simulated values were generally lower than measured. Deeper in the structure, at 11 cm, the simulation 
and measurement showed very good agreement. This signifies potential problems with both simulation 
and measurement near the pavement surface that should be further investigated. The calculated pavement 
response also varied with Poisson ratio, which signifies the importance of accurate estimation of Poisson 
ratio in the analysis.    
2.4. Amsterdam research study  
A study was conducted by researchers in Amsterdam to compare theoretical pavement responses with 
field measurement (Gusfeldt and Dempwolff, 1967).  Two test sections (10x10 m) in the test track were 
used for this purpose. The test sections had asphalt layer thickness of 14 cm and a gravel base thickness 
of 86 cm. Strain gauges, pressure cells and thermocouples were installed at different depths in the asphalt 
concrete and base layers. Dynamic elastic modulus measurements with the vibration machine developed 
at Amsterdam Shell Laboratory gave a subgrade modulus value of 1300 kg/cm2. The gravel base used in 
the test section had a dynamic elastic modulus value of 2600 kg/cm2.  The dynamic HMA stiffness varied 
from 8000 kg/cm2 to 100,000 kg/cm2. The wheel load was varied between 0.4 and 2 tons.  However, to 
compare theoretical results with measured responses, the wheel load was kept at one ton. The tire 
pressure was set at 5kPa/cm2. The maximum speed of the loading vehicle was maintained at 50 km/h and 
it was driven by an electric motor via a cable line.  
The theoretical pavement response in terms stress and strain was calculated using a layered elastic 
computer program developed by Shell researchers. The results obtained in this study showed reasonably 
good agreement between direct measurement and theoretical model results. The experimental values at 
the bottom of asphalt concrete layer were somewhat smaller than the theoretical results.  Theoretical and 
measurement values matched closely for strain values measured at a depth of 9.5 cm. The reasons for all 
these observations were not known at that time.  
Though most of the measured responses compared well with theory, appreciable deviations which did 
not show a systematic trend were also observed. This study recommended more detailed studies to 
compare theory and measured responses with extensive/advanced measurements to eliminate systematic 
errors to reduce the scatter in test results. 
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2.5. Dutch Road Research Study  
In a research conducted at the Dutch Road Research Center at Holland, Nijboer (1967) used the 
pressure cell developed in TRRL to measure vertical stress on top of base and subgrade layers. Strain 
gauges developed in the Shell Research Laboratory were used in this study to measure strain responses. 
The tests were carried out on State Highway No.1, a four lane undivided highway that carried 15,000 to 
20,000 vehicles a day in both directions. The test road consisted of 19 cm of asphalt concrete thickness. 
Strain gauges were embedded at different depths in the asphalt concrete layer (0, 4, 9, and 19 cm) and 
pressure cells were embedded at the layer interface and at different depths in the soil.    
The dynamic elastic properties of the asphalt concrete were determined by a vibration technique 
developed by Shell researchers, both on the road and in the laboratory. The soil had a stiffness of 2,400 
kg/cm2. The theoretical values were calculated using Burmister layer theory and good agreement was 
observed when the results were compared against field measured responses.  
2.6. TRRL study  
Laboratory-derived material properties were used to calculate pavement responses in terms of stress, 
strain and deflection in a research study done at the TRRL by Thrower et al. (1972). The dynamic 
modulus of the asphalt wearing course was calculated by cutting beam samples from the test road and 
testing them in the lab by subjecting a sinusoidal vibration at frequencies ranging from 1 to 100 Hz and at 
temperatures from 10oC to 35oC. The wave propagation method was used for base modulus and the value 
was found to be 7 ksi.  The tire pressure of 75 psi and a wheel speed of 20 mph were kept constant and 
the wheel load was varied during load application.  
When the measured responses were compared against layered elastic theory results they matched very 
well as shown in Fig. 3 with 20% error between them. A reasonably accurate prediction was observed in 
stiff layers.  
 
 
 
Fig. 3. Comparison of calculated and measured values for road machine section 1 vertical normal stress (Redrawn 
after Thrower et al., 1972) 
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2.7. WSU test track study  
A moving dual wheel load of 10,600 lb with a tire pressure of 80 psi was applied in the Washington 
State University Test Track (Terrel and Krukar, 1970; Krukar and Cook, 1972) at a speed of 20 mph in 
the 12 sections available at the Test Track. The asphalt concrete had a thickness 4.25” and 7.75”. All 
sections had a standard base thickness of 5.25”. Pavement instrumentation such as pressure cells and 
strain gauges along with other instrumentation were installed at different depths. Thermocouples were 
placed in all layers and moisture gauges were placed only in subgrade. Longitudinal and transverse strain 
gauges were placed only in 5 test sections on top of base and top of subgrade. Two test sections were 
instrumented with WSU hydraulic pressure cells on top of base and subgrade.   
Repeated load triaxial tests were conducted to characterize base and subgrade materials.  The base 
modulus value ranged from 11.5 ksi to 19 ksi. Complex modulus tests were conducted to characterize the 
AC at three different frequencies and temperatures. The HMA modulus had values between 1,100 to 
1,500 ksi.  The obtained subgrade modulus value showed between 8-13.5 ksi. Layered elastic theory 
developed by Chevron Research Corporation was used for theoretical pavement response computation. 
The measured responses compared very well with the n-layer elastic theory computed responses. 
From Table 1, it can be clearly seen that the deflection values matched reasonably well between 
theoretical results and measured values. However there were huge differences in strain values measured 
on the top of base and subgrade. The instrumentation placement techniques adopted in this study was 
possibly the reason for these differences. This highlights the fact that measurements may not always be 
accurate. 
 
Table 1. Comparison of measured and computed deflections and strains (Terrel and Krukar, 1970) 
Measurement Section Measured Computed 
2 8.4 5.2 
6 17.6 4 
8 9.0 5.8 
 
Deflection (in, 10-3) 
Shallow LVDT 
10 1 0.24 
2 36.0 33.8 
6 35.0 33.7 
8 22.0 24.9 
 
Deflection (in, 10-3) 
Deep LVDT 
 
10 21.0 20.3 
2 - 26.0 
6 15.0 309 
8 200 235 
 
Longitudinal Strain (in, 10-3) 
Surface 
10 100 111 
2 95 261 
6 - 315 
8 180 238 
 
Longitudinal Strain (in, 10-3) 
Top of base  
10 80 8 
2 40 389 
6 - 436 
8 15 277 
 
Longitudinal Strain (in, 10-3) 
Top of subgrade  
10 80 129 
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2.8. Nottingham study  
At the Nottingham pavement test facility (Brown and Bell, 1979), 25mm diameter strain coils and 
diaphragm type pressure cells were employed to measure strain and vertical stress, respectively at three 
pavement sections. The applied wheel load was varied from 11to 15 kN with a speed of 14 kmph. The 
contact pressure in pavement section 1 was kept at 660 kN/m2 with a load radius of 85 mm. In the other 
two sections, the contact pressure was maintained at 550 kN/m2 with a nominal load radius of 80 mm. 
The nominal HMA thickness in section 1 and 2 was 150mm and test section 3 had a thickness of 230 mm.   
Laboratory-derived layer moduli were used for theoretical pavement responses to be used in layered 
theory. When the measured responses were compared against predicted response, two of the pavement 
sections did not compare well with theoretical responses. Instrument error and insufficient replicate 
instrumentation to measure pavement response were attributed to this deviation. In the remaining 
pavement sections, the theory compared reasonably well with measured responses. This study 
recommended the use of field-measured material properties instead of laboratory-derived properties for 
theoretical calculation.  
2.9. Highway A-15 research study at Amsterdam 
The Falling Weight Deflectometer (FWD) was used to measure in-situ material properties in a research 
study conducted in Amsterdam (Ros et al., 1982).  This was the first study where FWD measured values 
were first used in theoretical pressure computation. Besides FWD measurements, wave velocity 
measurements, dynamic bending test and creep tests were also conducted for material property evaluation. 
A 100 kN load was applied at three different speeds (2.5, 10 and 45 km/h) in nine trial sections. This 
Highway A15 research project was carried out on a series of trial sections between 1970 and 1980.   
The BISAR linear elastic multi-layer program was used for theoretical response computation. Strain 
gauges (at the bottom of HMA layer) and soil pressure cells (in subgrade) were embedded at different 
depths in the pavement layers and the response was noted. According to the researchers, good correlation 
between measured and computed values was observed in most of the trial sections for soil pressure values.   
2.10. Minnesota Road research study  
In the Minnesota Road Research project (Chadbourn et al., 1997; Bao, 2000), instrumentation such as 
strain gauges, pressure cells, thermocouples and moisture gauges were embedded inside the pavement 
layers. The twenty-two bituminous test cells comprising the 5-year mainline, 10-year mainline and low-
volume road bituminous test sections at Mn/ROAD have different combinations of layer thicknesses and 
subbase types. Subbases consisted of granular materials and permeable asphalt stabilized bases.  
Two types of strain gages were used in this study to measure pavement strain.  Some of the flexible 
pavement cells at Mn/ROAD use dynamic soil pressure cells to measure the vertical stress in the base and 
subgrade layers. The instrumentation used in this study was the Geokon 3500 dynamic soil pressure cell.  
Thermocouples installed at Mn/ROAD allowed the measurement of temperature gradients experienced by 
the HMA layers. Resistivity probes were used to monitor changes in soil moisture state. Time domain 
reflectometer sensors were used to measure the unfrozen base/subgrade moisture content. The Mn/ROAD 
test vehicle is a five-axle semi-tractor trailer combination with a single steering axle with single tires and 
two tandem axles with dual tires for the drive and trailer axles.   
Backcalculated stiffness values from FWD measurements were used for material properties. The 
material properties along with the pavement configurations and truck loading were the inputs for 
theoretical response calculation. The layer elastic program “WESLEA” (Waterways Experiment Station 
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Linear Elastic Analysis for Windows) was used to compute theoretical responses. The theoretical results 
and measurements for strain are given in Fig. 4. Though small scatter at higher strain levels (exceeding 
200μİ) were visible, according to the researcher, both measured and predicted values matches closely.  
 
 
Fig. 4. Measured and calculated strains from mn/road  (Bao, 2000) 
2.11. Study results from Spain, Denmark and Switzerland  
Per Ullidtz (Ullidtz, 2002) compared available elastic layer package results with the measured 
responses from three full scale pavement testing projects from Europe (CEDEX in Spain DTU in 
Denmark and LAVOC in Switzerland)  and the comparison showed that the elastic layered theory 
predicted the mechanistic responses reasonably well.  Table 2 shows the research results.  
 
Table 2.  Comparison of model results to measured response (Ullidtz, 2002) 
CEDEX Study DTU Study LAVOC Study 
Model 
İx ız d İx İz ız İx İz d 
BISAR Ļ Ļ ľ Ļ Ļ Ļ ļ Ļ Ĺ 
CAPA3D Ļ Ļ Ĺ Ļ Ļ Ļ ļ Ļ ļ 
CIRCLY ļ Ļ ľ Ļ Ļ Ļ ļ Ļ Ĺ 
KENLAYER ļ Ļ ļ ļ Ļ ļ ļ Ļ ļ 
MICHPAVE - - - - - - ļ Ļ ļ 
NOAH ľ Ļ ļ ļ - - ļ Ļ Ĺ 
İx = horizontal strain at the bottom of asphalt; ız = vertical stress in subgrade; d = deflection at the surface; 
ļ = predicted response close to measured response; Ļ = underestimation of response; Ĺ = overestimation 
of response 
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2.12. NCAT study  
An effort to compare field measured responses with theoretical results was made at the National 
Center for Asphalt Technology (NCAT) Test Track under FWD loading (Barrett and Timm, 2005). 
Instrumentation in these test sections was comprised of asphalt strain gauges and earth pressure cells. The 
asphalt strain gauges measured strain at the bottom of the asphalt layer, while the earth pressure cells 
measured stress in the top of the base and subgrade layer. There were two pressure plates (Geokon 3500 
Earth Pressure Cell) in each section positioned in the center of the wheel path at the top of the base layer 
and at the top of the improved subgrade layer, respectively. 
FWD testing was conducted on eight different cross sections at the facility. The sections represented 
different pavement thicknesses, and use of modified and unmodified asphalt binders. FWD loads were 
dropped directly on top of and in close proximity to strain gauges and pressure cells. This enabled the 
measurement of both surface deflections and in situ pavement responses under FWD loading. The surface 
deflections were used to backcalculate elastic layer properties within each test section. The properties 
were then used in forward calculation to compute stresses and strains at locations coinciding with 
embedded instrumentation.   
Direct comparisons were made between predicted pavement responses and measured responses to 
evaluate the effectiveness of both the backcalculation and forward calculation models. Good agreement 
between measured and predicted responses was observed for horizontal strain in the bottom of asphalt 
layer and vertical pressures on the top of base, subgrade layers. However, it was generally found that 
layered elastic back- and forward-calculation was sufficiently accurate for the conditions at the NCAT 
Test Track and also served to validate the sensor installation procedures. The strong correlation between 
linear-elastic and measured pavement response (Fig. 5) has served as a reference point for the validation 
of the installation and operation of the embedded instrumentation at the 2003 NCAT Test Track 
Structural Experiment. 
 
 
Fig. 5. Stress comparison in base and subgrade layer (Barrett and Timm, 2005) 
2.13. NCAT structural study  
To compare the theoretical responses with field measured responses under dynamic truck loading, 
another study was carried out during the 2003 NCAT Test Track cycle (Selvaraj and Timm, 2006). The 
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objective of this study was to assess the accuracy of a theoretical model with respect to measured 
pavement responses under live traffic. Specifically, eight test sections at the NCAT Test Track were 
instrumented to measure vertical pressures in the unbound base and subgrade layers. As mentioned in the 
previous study, the test sections consisted of various HMA thicknesses and used modified and 
unmodified asphalt binders. Triple Trailers and a box trailer were employed to apply traffic loading.  The 
triple trailer consisted of a steer axle (12 kip), one tandem axle (40 kip) and five single axles (20 kip/axle). 
The box truck had a steer axle (12 kip) and two tandem axles (34 kip/axle group).   
The material properties were established using FWD data. FWD tests were conducted periodically to 
measure material properties (stiffness) and relationships were developed to predict their properties at any 
time of the day. Section-specific average base modulus and average of all structural section subgrade 
modulus were used in analysis.   
The test sections were then simulated with the layered elastic computer program, WESLEA. The 
simulations also included actual loading configurations applied by the triple and single trailer vehicles 
used at the Test Track. The study focused on in-tact pavements (i.e., no cracking) and comparisons 
between theoretical and measured pavement responses were made over a wide range of environmental 
conditions and the two different truck load configurations. A unique approach was developed to account 
for the natural wander of the vehicles relative to the fixed location of the pressure gauges. The measured 
responses were generally within 15% of theoretical with a strong correlation between the two sets of data. 
In general, the results from layered elastic back and forward-calculation compared well with measured 
pavement responses obtained from the NCAT Test Track data. Fig. 6 show the relationship between 
measured and predicted responses in terms of vertical pressure for dynamic truck loading.  
 
 
Fig. 6. Comparison of base and subgrade pressures at the NCAT test track (Selvaraj and Timm, 2006) 
 
3. Conclusions 
From all the instrumented pavement studies analysed in this paper, it can be concluded that layered 
elastic analysis is a reasonable approximation of actual pavement responses under dynamic wheel loads. 
In most studies at higher pavement temperature some deviations were observed between predicted and 
measured responses. An advanced model which can account for non-linearity of pavement materials at 
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higher pressures can predict the responses fairly accurate. However for the advanced models the material 
characterization efforts might be a cumbersome and time consuming. In general, the results from layered 
elastic back and forward-calculation compared well with measured pavement responses obtained from the 
instrumented pavement test data described in this paper. From this study it was known that not only for 
static loading conditions, even for dynamic truck loading, the layered elastic method is suitable to predict 
pavement responses for different environmental, loading conditions. 
As seen from various research studies, the direct measurement of pavement responses also has its 
limitations. The very presence of a gauge can affect the pavement response by introducing a discontinuity 
in the structure. Further, slight misalignment of a gauge could lead to seemingly inaccurate readings. The 
exact pavement response is not necessarily represented by either theoretical modeling or direct 
measurement due to the limitations of both. Therefore, for practical purposes it is suggested to use layer 
elastic model to check the direct measurement and vice versa. Reasonable agreement between the two 
approaches gives confidence to use the layer elastic mechanistic model to aid in M-E pavement design.  
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